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This investigation of tumor induction by indole-3-acetic
acid (IAA) in bean (Phaseolus vulgaris L. var. Romano) embryos
represents a further contribution to the body of knowledge on
the role that IAA may play in tumorigenesis and other raorpho-
genetically anomalous growth patterns.
Bean embryos were excised and grown in the dark at room
temperature for 8 days in Hildebrandt1s medium supplemented
with or without IAA (2mg/l). Gross morphological and light
microscopic observations revealed that IAA-induced tumors
suppress primary root growth, inhibit shoot growth, disorgan
ize growth due to lateral expansion, promote cell enlargement,
and induce adventitious roots.
Scanning electron microscopic observations revealed
thib-walled, elongated tiers of parenchymatous cells and some
structural as well as functional changes in trichomes.
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Biochemical studies revealed that IAA-induced tumors
show more DNA and RHA synthesis, whereas protein synthesis
remains pretty close to control tissue. The KNA synthesis
shows a significant increase (21$) over control. Higher
water and K+ ion uptake is evident in tumor tissue. No sig
nificant difference in cyclic AMP levels between tumor and
control was found.
These observations lead to the conclusion that IAA acts
on nucleic acid metabolism which stimulates the loosening
of cell walls by synthesizing various enzymes, particularly
cellulase. Subsequently cell wall expansion results from
increased turgor pressure and an increase in water intake,
causing disorganized swelling of target tissue. Furthermore,
increased water permeability continues to induce further dis
organization, and possibly destruction of vascular tissue,
senescenee and death. IAA does not stimulate cAMP synthesis
in bean embryos. Depletion of IAA uncouples the inhibitory
effect on shoot growth and, subsequently, semi-normal shoot
growth results. As such, this tumor in bean embryo is an
IAA-dependent one.
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The naturally occurring auxin, indole-3-acetic acid
(IAA), has been shown to be intimately concerned in the regu
lation of all phases of vegetative and reproductive develop
ment in plants- This auxin promotes the growth of shoots and
inhibits the growth of roots, in accordance with the prevailing
concentrations and differences in sensitivity of the tissues.
The concept of growth promotion in shoots and growth inhibition
in roots is useful in excised plant tissues, but, unfortunately,
has very little meaning with reference to the growth of intact
plants (Skoog, 1953). This is based on the fact that only
rarely has growth been promoted by adding auxin to shoots of
intact plants. Furthermore, evidence suggests that inhibitors
other than auxin limit the growth in roots of intact plants.
Morphogenesis involves cell division, cell enlargement,
and cell differentiation. In vitro studies might well pro
vide a tool for systematic investigation of morphological as
well as biochemical studies on the pattern of development or
on the genesis of form in the presence of the auxin.
Numerous reports indicate that auxins exert diverse
actions on various target organs in plants. Auxins induce
various changes in metabolism of protein and nucleic acids,
levels of adenosine 3', 5!-cyclic monophosphate and influence
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cell enlargement and water and K+ ion uptake.
It has been recognized that auxin, the plant hormone
concerned with cell enlargement, plays a central role in the
establishment of a capacity for autonomous growth of the
plant tumor cells. Most plant types require an exogenous
source of auxin to maintain normal growth when grown under
in vitro conditions. Fully autonomous tissue, as in the
case of crown gall, however, does not need any exogenous auxin
source because it can produce large amounts of auxin. This
indicates that in plant tumor tissue there is an activation
of auxin synthesizing system (Braun and Wood, 19&2).
In recent years, Haber (1962) and Walne et al. (1975)
have shown that IAA produces tumors when wheat seedlings are
germinated in high concentrations of IAA (10-3M). An exces
sive enlargement and disorganized growth are induced by IAA
in the coleorhiza-epiblast portion of the wheat seedlings,
whereas growth of other organs is ibhibited by IAA. Sen
and Stevenson (1975) observed that at a low concentration
of IAA (2mg/l), excised embyros of bean seeds show tumorous
growth.
Armin C. Braun and his associates have shown that, in
crown gall tumor tissue, ion activation takes place during
tumorigenesis. They have observed that a very high level of
potassium ion uptake exists in crown gall tumor tissue, which
suggests that changes in membrane permeability, or in the ion
transport system, accompany the cellular transformation
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(Braun, 195^; Braun and Wood, 1962; Wood and Braun, 1965).
Some recent studies have demonstrated that IAA does
stimulate cyclic AMP synthesis in various plant tissue (Azhar
and Krishna Murti, 1961; Salomon and Mascarennas, 1971;
Kamisaka and Masuda, 1970). All of the above information
has led the writer to investigate the following questions in
IAA-induced bean tumors1
a. Are there any structural differences in bean tumors
when observed under scanning electron microscope?
b. Are there any changes in protein and nucleic acid
biosynthetic pattern in tumors?
c. Is there any potassium ion activation?
d. Is there any increase in the rate of cAMP synthesis
in tumors?
e. Is there any relationship between cAMP and potassium
ion uptake?
f. How does IAA induce tumors in bean embryos?
CHAPTER II
REVIEW OP THE LITERATURE
Plant tissue can be successfully grown in synthetic
culture medium, provided all essential inorganic salts as
well as organic constituents are present. The tissue grown
in synthetic medium gives us the opportunity to study the
morphological, ultrastructural, biochemical and developmental
nature of the plant tissue. This technique of in vitro studies
gives us many important insights, which otherwise would have
been difficult to obtain.
An inorganic base for plant tissue culture nutrients
was perfected by White (19t3). Through subsequent improve
ments, present tissue culture media consist of inorganic salts,
organic constituents, like carbohydrates, vitamins, and
growth substances, including indole acetic acid, kinetin, etc.
It is customary nowadays to include IAA as an important
growth hormone necessary for normal growth in synthetic cul
ture medium for plant tissue. For most of the plant tissue
culture media, the usual concentration of IAA is 2mg/l.
This concentration of IAA maintains a good growth of the callus
tissue (Linsmaier and Skoog, 1965; Murashige and Skoog, 1962).
However, in bean ©mbryo organ culture, we have found an
anomalous growth pattern in medium supplemented with 2 mg/1
IAA (Sen and Stevenson, 1976).
k
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The significance of auxin in most plant tumor situations
has been well documented by Ahuza (1965), Braun and Stonier
(1955), and Braun (1969). Crown gall tumor tissues show
high auxin levels (El Khalifa and Heish, 1975)- Tissues
of tumor-prone Lycopersicon hybrids were found to need less
IAA for growth in culture than the normal tissues. This may
be due to raised auxin levels in tumor tissue, as suggested
by Doering and Ahuja (1967)- In the case of Hicotiana
hybrids, higti levels of auxin were found in tumor-prone plants
(Bayer and Ahuja, 1968). The kinds of auxins are much more
numerous in tumorous, as well as tumor-prone varieties of
Nicotiana, than in non-tumorous plants (Bayer, 1969).
The formation of tumors in wheat coleorhiza-epiblast
has been studied in detail by Haber (1962). He was able to
induce tumors in the parenchymatous coleorhiza-epiblast por
tion of the wheat seedling by using a concentration of 10"%
IAA. The IAA exerts an inhibitory effect on the growth of all
organs, except the coleorhiza-epiblast portion of wheat
seedlings.
Ultrastructural studies on the surface level have not
yet been done in IAA-induced tumors; however, in crown gall
of carrot tissue growing in synthetic medium has been studied
(Homes, 1974)- Ti*© scanning electron micrographs of crown
gall tissue show extensive cell elongation and filamentous
arrangement of cells. This is, perhaps, due to a higher
level of auxin synthesis, which is common in crown gall tissues.
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To preserve three dimensional surface structures intact
during scanning electron microscopic studies, tissue must be
prepared by the critical point drying technique, as described
by Anderson (1951) and utilized by Horridge and Tamm (1969).
Air dried samples have given good results in some cases,
but tissue prepared by critical point drying gave better
results.
Auxin induced growth usually accompanies an increase in
protein as well as nucleic acids. In soybean hypocotyl
sections an increase in protein and RNA has been reported by
Key et al. (1967). In fact, auxins have been shown to stimu
late the synthesis of all fractions of RNA, including messenger
RNA, in experiments with soybean hypocotyl tissue (Key et al.,
1966); in detached soybean hypocotyl tissue (Key and Ingle,
196^); and in oat coleoptile sections (Hamilton et al., 1965).
Moreover, IAA-induced tumors in coleorhiza-epiblast of wheat
seedlings showed higher synthesis in protein, DNA and RNA over
control tissue (Walne et al., 1975)•
Crown gall tissue, where auxin is synthesized at a high
level, showed a greater potassium uptake than non-tumorous
tissue (Wood and Braun, 1965). Furthermore, during tutnori-
genesis in crown gall tumor, the activation of ions takes
place. This in turn suggested that changes in membrane
permeability, or in the ion transport system, accompany the
cellular transformation (Braun and Wood, 1962),
Higher potassium uptake, due to the IAA-treated plant
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material, has been reported by other authors (Commoner and
Mazia, 19^2; Higinbotham et al., 1953). Slan (1962) reported
that higher water, as well as potassium ion uptake by sunflower
tissue segments occurred when treated with 10-^M IAA.
Higinbotham et al. (1962) observed higher potassium uptake
in etiolated pea segments. This may be enhanced by calcium
ion in presence of auxin. Recent studies have confirmed that
IAA stimulates the uptake of potassium and water in sunflower
hypocotyl segments (Ilan, 1963).
The universal presence of adenosine 3fy5!-cyclic mono-
phosphate (cAMP) in animal tissues and its diverse physio
logical roles has created considerable interest over possible
analogous functions of this important nucelotide in plants.
The role of cAMP during differentiation in cellular slime
molds has brought forward some of the first indications that
this nucelotide may be present in plant tissue and may induce
some physiological responses similar to plant growth hormones
(Chassey et al., 1969).
Konijn et al. (1967) reported that the deposition of exo
genous cAMP in the midst of aggregating cells of the cellular
slime mold, Dictyostelium discoideum. provided an attractant
signal to facilitate aggregation. Furthermore, amoebas have
been shown to secrete cAHP, and the secretion of cAMP by the
cells and their sensitivity to it as a chemotactic agent in
crease by about 100-fold just prior to aggregation (Bonner
et al., 1969). In addition to this, reports of appreciable
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amounts of cAMP specific phosphodiestarase secretion have been
published (Chang, 1968; Hiedel and Gerisch, 1971). Recently,
adenyl cyclase was shown to be present in Dictyostelium
discoideum (Rossomando and Sussman, 1972).
In higher plants, the presence of cAMP has been reported
by many authors (Bachofen, 1973; Brewin and Northcote, 1973;
Kessler and Levinstein, 1974; Wellburn et al-, 1973; Drlica
et al., 191ki Giamattasio et al., 1974; Miller and Galsky,
1974; Pradet et al., 1972; Raymond et all, 1973)* whereas other
authors have reservations about the presence of cAMP in higher
plant tissue (Amrhein, 1974; Niles and Mount, 1974)-
Several reports have been published recently which
indicate that there is a correlation between IAA and synthe
sis of cAMP (Azhar and Krishna Murti, 1971; Salomon and Mas-
careBhas, 1971; Truelsen et al., 1974)- According to Azhar
and Krishna Murti (197U* IAA exerted a twofold stimulation
of the synthesis of cAMP. Furthermore, Ayana coleoptile
sections treated with IAA (10"^M) showed an increase in the
synthesis of cAMP (Salomon and Mascarenhas, 1971)* Kamisaka
and Masuda (197°) reported that cAMP and auxin synergistically
enhanced cell elongation in Jerusalem artichoke tuber slices.
There are a few reports which indicated that the exist
ence of endogenous cAMP in higher plants is questionable due
to faulty techniques utilized in those studies. Particularly,
according to Bressan et al. (197&), the assay using a cAMP-
binding protein and the radio-immunoassay is not very
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satisfactory, due to the fact that most authors who reported
that cAMP is present in plant tissue used crude plant horao-
genates with little or no purification. Furthermore, Bressan
et al. (1976) maintained that cAMP-binding protein assay and
radioimmunoassay do not possess a high level of specificity
in plant tissue extracts. In addition to this, they showed
that even after rigorous purification of the plant tissue
extract, it can give erroneously high values for cAMP levels
when cAMP-binding protein assay is used.
The mechanism of auxin action and tumorigenesis has not
yet been understood clearly. The general effect of auxin is
believed to promote cell enlargement or cell elongation, a
process that requires extension of the cell wall. There is
much evidence to show that auxin-sensitive tissue, when treated
with auxin, increases in the mechanical extensibility of the
plant cell walls (Ray, 197^). There are many hypotheses put
forward by various authors as to how auxin promotes cell en
largement, which is the fundamental visual effect during
tumorigenesis. A few current hypotheses will be discussed
briefly in the report.
By using inhibitors to study their effects on SNA and
protein synthesis, the major effect of IAA was found to be on
rRNA synthesis (Ingle and Key, 1965; Trewavas, 1968); however,
rfiHA is not needed for the growth response to auxin. More
over, in vivo synthesis of RNA is much slower than elongation
response to IAA (Key and Shannon, 1961^.). This information
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led the proponents of the gene activation hypothesis to assume
that auxin must have rapidly occurring stimulatory effects on
the transcription of messenger RNA (m-RHA) for particular
"growth specific proteins" (Trewavas, 1968).
Auxin action involves closely related if not identical
interactions, presumably with some carrier site located in
the plasma membrane (Rayle et al., 1970). Moreover, stimula
tion of K+ and Rb+ uptafce (Higinbothara et al., 1962; Ilan and
Heinhold, 1963) by auxin has indicated that possibly a carrier
system located at the plasma membrane is being affected.
Hager et al. (1971, as cited in Ray, 197^), postulated
that auxin acts by stimulating an outwardly-directed H pump
at the plasma membrane, which acidifies the cell wall thereby
causing a purely passive extension of the cell wall in response
to low pH. The presumed energy requirement for a H pump
would serve to explain why auxin-induced growth is sensitive
to inhibitors of energy metabolism.
The role of auxin in tumorigenesis is not yet clearly
understood. At this point in time, however, it can be safely
said that auxin plays an important etiological role in abnormal





The bean (Phaseolus vulgaris L., var. Romano) seeds were
purchased from Burpee Company, Philadelphia. Most reagents
were obtained through Fisher Company and they were chemically
pure. Adenosine 3S51 cyclic monophosphate, Salmon Sperm
deoxyribonucleic acid, yeast ribonucleic acid, and indole-3-
acetic acid were purchased from Sigma Chemicals, St. Louis,
Missouri, For column preparation, chemicals like neutral
alumina and Dowex-50 were also obtained from Sigma.
Cyclic AMP Assay Kits were obtained from Amershara/
Searle, Arlington Heights, Illinois and New Ehgland Nuclear,
Boston, Massachusetts. Ready-Solve HP Scintillation Cocktail
was purchased from Beckraan Instrument Company, California, and
RIA Flour from New England Nuclear Company. Polyethylene
scintillation vials were purchased from Beckman. The Liquid
Scintillation Counter used in this study was Beckman LS-23O.
Methods
Preparation of Tissue
Bean seeds were washed with deionized distilled water
and then soaked in 70$ ethanol for 15 min for surface steri
lization. Embryos were aseptically excised from the seeds,
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Excised embryos were rinsed in sterile deionized distilled water
before placing them in the Petri Plates containing either
indole-3-acetic acid (IAA) supplemented (2mg/l) or non-
supplemented Hildebrandt»s medium (Hildebrandt et al., 1946),
with 5% agar for scanning electron microscopic studies and
biochemical studies. IAA (2mg/l) was added to the IAA-sup-
plemented medium, after filter sterilization by ultrafine
porosity filtration system, prior to gel formation of agar.
Excised embryos growing in IAA-supplemented Hildebrandt1s
medium will be henceforth mentioned as experimental and those
in non-supplemented Hildebrandt1s medium as control. All
tissues, experimental as well as control, were grown in the
dark for 1-8 days at room temperature (26C).
Light Microscopy
Light microscopic observations were made on excised
embryos from IAA-supplemented as well as non-supplemented
medium. Cross sections of various portions of embryos were
obtained through hand-cut sections.
Scanning Electron Microscopy
For scanning microscopy, the tissue obtained from control
and experimental cultures were fixed with 1$ glutaraldehyde
in 0.2 sodium cacodylate buffer, pH 7-15* for 1^ hr and
washed thoroughly in the same buffer for 2 hr. Dehydration
of tissue was achieved by serial changes in a graded series
of ethanol. After dehydration, the alcohol was removed by
amyl acetate and the tissue was kept overnight in that medium
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at room temperature.
Tissues were dried by the critical point method of
Anderson (195D, as utilized by Horridge and Tamm (1969).
The tissue was placed in the bomb of Parr critical point
drying apparatus. The amyl acetate was replaced by flushing
with liquid carbon dioxide at room temperature. The bomb
was filled out with sufficient amount of liquid carbon di
oxide to keep the samples covered with liquid during critical
point drying procedure. It was then sealed off and placed
in a water bath, heated slowly to a temperature of ^0-ij.2C, and
the pressure was monitored carefully. When pressure was
stabilized at i±0-1^2C, the liquid G02 became gaseous and was
released carefully by opening the valve. After completion
of this process, the bomb was taken out from the hot water
bath and its outer surface dried. The dried tissue samples
were taken out from the bomb, then carefully attached to the
stub by double-stick tape (3H Company Scotch Brand), and coated
with gold-palladium (60:^0) to an approximate thickness of
100-120 A, by rotating the stub at an angle to the evaporation
source, using a Minivac coating system.
The specimens were examined with a Cwikscan 100-4 scanning
electron microscope and stubs were rotated at various angular
positions to get a good view of all tissue surface areas.
Photographs were taken with a Polaroid camera attached to the
microscope. Polaroid $$ P/H film was used.
Biochemical Studies
Protein estimation
Protein extractions from tissue were undertaken
according to the procedure of Ross (197^)• Tissues from
control and experimental embryos were harvested after 3-5
days of growth in the media and wet weights were recorded.
Some tissues were thoroughly homogenized with 30 ml of 5° mM
potassium phosphate buffer, pH 7-5* in a cold mortar and
pestle. The homogenate was filtered through Whatman #4-
paper in a Buchner funnel by aspiration. Phosphate buffer
(10 ml) was added to the homogenizing system and filtered
through the same Buchner funnel. Both filtrates were mixed
and made up to 50 nil volume with distilled water. Each batch
of tissue extraction had a total volume of $0 ml.
From each 50 ml volume of tissue extraction 10 ml
aliquots were taken for protein purification- These 10 ml
aliquots were poured into a centrifuge tube and placed on ice
for 10 min. After a 10 min interval, 3.4. ml of cold tri
chloroacetic acid (20$ w/v) was added and thoroughly mixed
with a Vortex mixer. A white cloudy precipitate was pro
duced and allowed to set for 10 min in ice. The tubes were
centrifuged for 10 min at 5>000 rpm in an IEC refrigerated
centrifuge.
After centrifugation, the supernatant was decanted
carefully and discarded. Trichloroacetic acid (2 ml of
was added to resuspend the protein precipitate. The
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precipitate was washed thoroughly in distilled water, centri
fuged at 2,000 rpm for 10 min and the supernatant discarded.
The protein precipitate was dissolved carefully by
adding 5.0 ml of 0.1 N NaOH. The mixture was stirred vigor
ously with a Vortex mixer to break up the suspended particles,
and the protein was allowed to dissolve completely. This
solution has been diluted and utilized for protein estimation
by Lowry et al. (195U, as modified by Umbreit and Burris
(1972). The standard curve was prepared by using bovine
serum albumin.
Estimation of nucleic acid
Nucleic acids were extracted by the procedure of Smillie
and Krotkov (i960). Tissues from control and experimental
embryos were removed after 3-5 days of incubation in the
media and their wet weights were measured. Tissue weighing
2 - 6 g was extracted with 10 ml of cold methanol and re-
extracted at least twice with 10 ml methanol each. During
extraction, fine tissue suspension was obtained by homogeniza-
tion with a Sorvall homogenizer. Then it was centrifuged
in an IEC centrifuge, the residue extracted with 2 x 10 ml
5% trichloroacetic acid at Jj.C, then washed once with 10 ml
of cold 95% ethanol. Further extraction of residue con
tinued with 10 ml lots of the following solvents: 95$
ethanol (twice), ethanol:ether (2:1) and ether. For each
extraction, the solvent was boiled for 20 sec. The insol
uble residue was carefully collected, dried and powdered.
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The dried residue was taken and 5 ml of 5% perchloric
acid (PCA) was added to it in a test tube and extraction pro
cedure continued for 15 min at 90C. Then it was centrifuged
and the residue was carefully washed again with 5$ perchloric
acid. It was again centrifuged and supernatant was collected
and diluted with 5% perchloric acid to make the final volume
15 ml. This supernatant was utilized for nucleic acid
determination.
Deoxyribonucleic acid was estimated by diphenylamine
reaction, as modified by Burton (1956). The standard curve
was prepared by using sodium salt of pure salmon sperm deoxy
ribonucleic acid. The ribonucleic acid was estimated by
the orcinol test of Militzer in 19^6 (as cited in Markham,
1955)• The standard curve was prepared by using yeast
ribonucleic acid and xylose. The colorimetric as well as UV
absorption studies of nucleic acids were carried out with a
Gilford 2l|.O spectrophotometer.
Determination of moisture
Wet weight of various tissue samples was determined
after a desired period of incubation in the media, and the
tissues were placed in ovendried and preweighed porcelain dishes
with lids. The dishes containing tissues were ovendried at
70C for two days, then cooled and a final weight was deter




Tissue samples from medium containing 3.2 meq/1 amounts
of potassium as KC1, were harvested and wet weights carefully
measured. The tissue dried in an oven at 70C for two days,
and the dry weight was recorded. The sample was ashed by
a muffle furnace at 600C for 12 hr and weighed after cooling.
An aliquot of ash (20mg) from each batch was taken and dis
solved in 100 ml of 1.5 N HC1. After filtration, a 5 ml
aliquot was taken and diluted to 50 ml with deionized distilled
water. Five such aliquots from each sample were separately




In the extraction and subsequent purification of cyclic
AMP from crude embryo extract, various columns were utilized.
Normally during this study we have utilized columns prepared
from neutral alumina and Dowex-50 X 8-200. During the
Dowex-50 column preparation, it was necessary to prepare
Dowex resin in the proper form. To achieve this, we used
the procedure as followed by Brewer et al. (197^)- The Dowex
resin (1 lb/1) was suspended in 95$ ethanol: acetone mixture
(1:1 ratio) for a few minutes. The resin was filtered nearly
dry and resuspended in water with a magnetic stirrer, and
solid sodium acetate was added to a final concentration of
1 M. The Dowex resin was collected by filtration in a
Buchner funnel and resuspended in 0.5 M WaOH, and filtered
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again. This washing procedure, suspending in 0.5 M NaOH
and subsequent filtration, was performed three times.
After the sodium hydroxide washes, the Dowex resin was
again suspended in water, HC1 added to a concentration of
3 M and filtered. An additional 0.5 M HC1 wash followed.
The resin was repeatedly washed with water until the wash
liquid was neutral. At this point, the Dowex resin was
ready to be used for column preparation.
Disposable 10 ml plastic pipets were utilized for
columns. All columns are 0.8 cm x 32 cm. Thick slurry
was made by adding water to neutral alumina and Dowex-$0
resin, respectively. A layer of wet glass wool was placed
carefully in the disposable pipet and pushed all the way to
the narrow tip with a glass rod. This provided column sup
port. Deionized water (5-10 ml) was poured into the empty
column prior to the addition of column material. A slurry
of column material was then carefully introduced. Gradu
ally the column bed was formed. Additional water was poured
into each column without disturbing the column bed. Care
was taken to ensure that columns were free of trapped air
bubbles. The column heights were 15 cm in each case. The
same procedure was followed to pack all different types of
columns.
Extraction of cAMP from crude extract
To extract cAMP from tissue sample, the procedure of
Bressan et al. (1976) was followed. Control tissues as well
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as experimental were harvested after a desired period of in
cubation. Each tissue was weighed carefully, and the wet
weight was recorded. The tissue was homogenized in 5° tnl of
ice cold 0.5 N HCIOk in a Sorvall homogenizer for 3 min.
Homogenization was performed at maximum speed. The vessel
was rinsed with a wash of 20 ml cold 0.5 N HCIO^. Each
homogenate was collected and filtered through a Whatman #1
filter paper. The filtrate was centrifuged in a Beckman
J-21 B centrifuge, using JA-lij. rotor, at llj.,000 rpm, for 20
min. at lj.C. After centrifugat ion, the supernatant was
collected and neutralized with 2.5 N KOH to precipitate out
all KC10. , and allowed to chill in ice for 30 min. After
all KC10, was precipitated, the tubes were centrifuged at
34,000 rpm to remove all KCIO^. The supernatant was col
lected. In some experiments the supernatant was directly
freeze-dried; in other experiments it was neutralized with
If. N acetic acid to a pH 6.8-7-0. Before neutralization
with acetic acid, the pH of the supernatant was 13.0-llj..0
After neutralization with acetic acid, the yellowish straw-
colored supernatant changed into a colorless liquid. It
was then freeze-dried by a Virtis freeze-dryer. Prior to
freeze-drying the liquid was shell-frozen with acetone in the
freeze-drying system.
The residue obtained after freeze-drying was dissolved
in 10 ml of deionizea water. The solution, containing cAMP,
was further purified by column chromatography. Then it
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was injected into a column packed with neutral alumina (0.8
x 15 cm). The column was eluted with deionized distilled
water. l± ml lots of water were collected as individual
fraction units. Active fraction units were determined by
injecting 0.1 ml 3H-labeled cAMP (38.7 ci/mMole) into the
neutral alumina column and eluted with deionized distilled
water. Twenty-six fractions were collected. A ml aliquot
from each fraction was placed in polyethylene scintillation
vials, and 10 ml of Heady-Solve HP scintillation fluid was
added to it and counted in a Beckman LS-23O Counter. In
this manner, dissolved freeze-dried solutions from each batch
of control and experimental material were column chromato-
graphed, and active fractions were collected and pooled
together. The active fractions containing cAMP remained
between fractions 8-18 (Fig. 1). The flow rate of each column
was approximately 1 ml per 3 min.
The pooled samples from fractions 8-18 from neutral
alumina column were purified by Dowex-50 x 8 - 200 column.
The active fractions were determined by the same procedure
as mentioned previously by using ^H-cAMP. In Dowex-50
column, the volume of each fraction collected was lj..5 ml.
The columns were eluted with deionized distilled water and
cAMP retained in fractions ij.-10 (Pig. 2). These active
fractions were collected and freeze-dried. The residue ob
tained after freeze-drying was redissolved in 2 ml of deionized
distilled water in some experiments; in others the residue was
Pig. 1. Practionation of 3H-cAMP marker on a neutral

























































Pig. 2. Profile of ^H - c AMP marker of fractions 8 - 18
from alumina column (Fig. 1) fractionated on
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Fraction (4.5 ml)
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was dissolved in 2 ml of 0.05 M Tris/EDTA buffer, pH 7-5.
This solution, containing cAMP, was routinely used for cAMP
assays.
To ensure genuine extraction of cAMP, from crude
samples, a known amount of ^H-labeled cAMP was used in one
batch of the experiments. After harvesting tissue samples
and subsequent homogenization with cold 0.5 N HC10. , the
known amount of 3h-labeled cAMP (approximately 12,000 CPU;
1.0 Picomole) was added to the tissue homogenate and then
freeze-dried, column chromatographed and freeze-dried again,
as described earlier.
The freeze-dried sample was dissolved in 2 ml of de-
ionized distilled water and a 50 1 lot was mixed with 10 ml
of Ready-Solve HPsolntillation cocktail and counted for 2 - k
rain. In this way, the rate of recovery of cAMP from crude
tissue sample was estimated.
Extraction of cAMP from crude plant tissue and subse
quent purification by column chromatographic techniques was
performed in all controls and experimentals, as described
previously.
Cyclic AMP assay
Theory. The method is based on the competition between
unlabeled cAMP and a fixed quantity of tritium labeled cAMP
for binding to a protein, which has a high specificity for
cAMP (Oilman, 1970). The amount of labeled protein-cAMP
complex formed is inversely related to the amount of unlabeled
cAMP present in the assay. The concentration of cAHP in the
unknown is determined by comparison with a linear standard
curve.
Separation of the protein bound cAMP from the unbound
nucleotides is achieved by absorption of the free nucleotide
on charcoal, followed by centrifugation (Brown et al-, 197D-
Pipetting. This type of quantitative assay calls for
reproducible pipetting to ensure optimum results. Thus, all
micropipetting operations in the assay were carried out by
using a Fisher/MLA micropipetting system. Disposable plastic
tips were used with the system. The reconstitution of all
reagents was carefully controlled.
Assay procedure. Cyclic AMP assay was carried out, as
per instructions of Araersham/Searle cAMP Assay Kit, which are
as follows:
(i). Small disposable tubes (Sarstedt Company) suffi
cient for the number of unknown samples to be run, in duplicate,
and an additional llj. tubes, which were used for standard and
blanks, were placed in a test tube rack and kept in an ice
water bath. All tubes were labeled and arranged according
to the order shown in Table 1.
(ii). 150/<1 of 0.05 M Tris/EDTA buffer, pH 7.5 was
pipetted in the assay tubes 1 and 2. These tubes were for
the determination of the blank counts per minute for the
assay.
(iii). Tris/EDTA (50/*l) buffer was added into tubes





























aAll volumes are in microliters.
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3 and 4 to determine binding in the absence of unlabeled cAMP.
(iv). A serial dilution of the standard cAMP solution
with Tris/EDTA buffer was carried out before the assay so that
five standard levels of cAMP ranging from 1 picomole to 16
picomoles might be obtained. 50/*l of the serial dilution
were added to each successive pair of assay tubes, starting with
tubes 5 and 6, with the lowest concentration (l picomole)
and progressing to tubes 13 and 14 with the highest concentra
tion (16 picomoles).
(v). Unknown samples ($Oy«-l lots) obtained from
experimental as well as controls were added to each tube
designated as "unknown,11 in duplicate.
(vi). Tritium-labeled cAMP (50/*1) was pipetted care
fully into each and every assay tube.
(vii). Binding protein (100/*1) was added to assay
tubes 3-14 and to every assay tube containing an unknown.
(viii). All tubes were mixed well by a Vortex mixer,
placed in an ice bath and allowed to incubate for 2 hr in a
refrigerator at 2-4C.
(ix). Fifteen min prior to the end of the incubation
time, charcoal reagent was prepared by adding 20 ml of dis
tilled water to the charcoal reagent. The charcoal solution
was then stirred continuously until used.
(x). Charcoal suspension (100^1) was added to all
tubes, Vortex mixed for 10-12 sec and centrifuged immediately
to sediment the charcoal. Prior to charcoal suspension
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pipetting, the orifice of each disposable pipet tip was
enlarged by removing 1 cm from the tip with a sharp razor
blade to ensure reproducible pipetting. This eliminated the
blocking of the pipet tip orifice by charcoal particles.
(xi). 200 Ml sample from each tube was removed care
fully without disturbing the sediment and placed into scintil
lation vials.
(xii). 8 ml of Ready-Solve HP scintillation cocktail
was added to each vial, mixed well, and counted for 2 - k
min.
Calculation of results. The following procedure was
used to calculate the results.
(1). To determine blank counts per minute (CPM) for
the assay, the counts per minute (CPM) for tubes 1 and 2 were
averaged.
(ii). Prom tubes 3 and k> the CPM was averaged and the
blank CPM was subtracted. This value gave th© CPM bound in
the absence of unlabeled cAMP (Co).
(iii). Counts per minute (CPM) from each pair of
duplicates in tubes 5 - 14* as well as additional pairs of
tubes which contained unknowns were averaged. The results
obtained from each pair of blank CPM were subtracted. These
values represented the CPM bound in the presence of standard
or unknown unlabeled cAMP (Cx).




(v). 92. was plotted against picomoles of inactive cAMP
Cx
per tube on a linear graph paper. A straight line was obtained
with an intercept of 1.0 on the ordinate, and this was used as
standard curve.
(vi). Prom the Co. value for the samples, the number of
Cx
picomoles of inactive cAMP was calculated from the standard
curve.
(vii). All mathematical as well as statistical calcu





Light microscopic observations revealed that experimental
embryos show marked morphological changes from controls.
Due to the effect of IAA, the embryos became shorter in
length, enlarged and disorganized (Pig. 3)« Complete sup
pression of root formation and epicotyl growth occurred.
Loose, amorphous parenchymatous cells are quite evident in
the surface and total disorganization of stomata has taken
place. The cells are elongated, thin walled, and quite fre
quently are sickle-shaped. Older tumor tissue produces
adventitious roots all over the embryo (Fig. Ij.) and various




A general surface view of part of a whole embryo is shown
in Pig. 5. The hypocotyl region shows patches of a cracked
epidermal layer, exposing parencymatous cells (Pig. 6), which
are round and thin-walled. The leaf surface shows stomata
(Pig. 7). Many crystalline depositions have been noted in
and around stomatal opening.
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Pig. 3. a. Gross morphology of 3-day-old control.
x 1.













































































All values represent the mean + standard error of at least three replicates
Pig. 21. Protein content of IAA-induced tumor and control










































For convenience, as well as unbiased comparison between
tumor and control tissue, all biochemical data will be repre
sented now on a per embryo basis, because IAA-treatment
increases the fresh weight of tumor tissue many times more
than control tissue.
Nucleic Acid Content
The deoxyribonucleic acid (DNA) content of IAA-induced
tumor is muph higher than control embryos (Table 3)' However,
on a fresh weight basis, DNA content of control is much higher
than tumor tissue. In tumor, as well as control tissue, there
is a steady increase in the level of DNA during three to five
days1 growth. This indicates that the DMA synthesizing
system reaches optimum conditions on the fourth day of growth,
which subsequently starts declining very rapidly (Pig. 22).
The range of DNA content per embryo in tumor is between 8.2-
l5.7yu.g; in controls the range is 8.0-11.9/^g-
The ribonucleic acid shows a pattern similar to that
of DNA. On a per embryo basis, the tumor tissue shows a
tremendous increment over control tissue in HNA synthesis
(Table if). On the fourth day of growth, the RNA reaches
optimum condition, in both the tumor and control However,
RNA synthesis shows more than 21$ higher net synthesis in
tumor than in control (Fig. 23). The rate of RNA degrada
tion in tumor tissue is much higher than control during the
fourth to fifth day. The range of HNA in tumor tissue is
between 230-ij57/u-g; in controls, it ranges between




























aAll values represent mean + standard error of at least three replicates
Deoxyribonucleic acid (DNA) concentration m
IAA-induced tumor and control bean embryo.



































Age of Tissue (Days)




































lAll values represent mean + standard error of at least three replicates.
Pig. 23. Ribonucleic acid (RNA) concentration in ^;
induced tumor and control bean embryos. Vertical


































Age of Tissue (Days)
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Due to the IAA treatment, the tumor tissue shows that on
the fourth day the rate of nucleic acid synthesis (DNA and
RNA) is much higher than that of controls. Growth, however,
reaches optimal condition on the fourth day, in tumor as well
as control.
Moisture Content
The moisture content of tumor tissue is higher than
that of control. The results show 91$ moisture in tumors and
92.8$ in controls (Table 5). However, on the fresh weight
basis, tumor tissue shows a remarkable 16$ to 33% increase
over control tissue. On the fourth day, the moisture content
reaches its optimal level, due to higher water uptake.
The ash content of control is much higher than in tumor
tissue. On the fifth day, a slight increase in ash content
was noticed in tumor tissue.
Intracellular Potassium Ion Content
Intracellular potassium ion concentration is slightly
higher in tumors than in controls, on a per embryo basis
(Table 6). On a per gram of fresh weight basis, however,
the control shows much higher K+ion uptake during the time
course study. Both tissues show a gradual increase in K+ion
uptake within the intracellular level, as age of tissues
progresses (Pig. 21^.).
Cyclic AMP Content in Tissue
The amount of cAMP recovery is shown in Table 7- It
is clear that when %-labeled cAMP is injected into the
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Table 5. Moisture and ash content of IAA-induced tumors

























aAll values are expressed in milligrams.
Table 6. Intracellular potassium ion concentration in IAA-induced tumors and
control bean embryos.a
meq/L of K+ ion/gram wet tissue meq/L of K ion/embryo
Age of tissue
()






















aAll values represent mean + standard error of two replicates only. Each
replicate consists of at least five separate determinations.
vn
Fig.2^. Intracellular potassium ion concentration in
IAA-induced tumors and control bean embryos.




































Age of Tissue (Days)














This value represents 25$ of the initial count. Prom each neutral alumina column
fraction, only 1 ml volume was utilized for counting its radioactivity.
Prom each Dowex-50 column fraction, only 1 ml volume was used for counting its
radioactivity.
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neutral alumina and subsequently Dowex-$0 columns, the recovery
rate is very high--almost 99$ recovery in the first phase of
purification by neutral alumina, then about \\Z% recovery
after the second column purification by Dowex-50- However,
when a known amount of 3H-labeled cAMP is added to the tissue
homogenate, freeze-dried, column chromatographed and freeze-
dried again, the recovery rate is about 20$. This loss of
cAMP must be accounted for before total cAMP concentration
in tissue can be estimated. During the freeze-drying pro
cess, about Z$% of labeled cAMP was lost, which was indirectly
measured by counting trapped water obtained from the freeze-
drying apparatus, after freeze-drying procedure. During
column purification about 25$ of the labeled material was lost
through being trapped by the column. The remaining amount,
which is unaccounted for, might have been lost during other
preparative procedures. Assay data on which the standard
curve is based is shown in Table 8 and standard curve is
shown in Pig. 25-
The buffered and non-buffered cAMP, containing tissue
extract, gave nearly similar results (Table 9)-
After correcting cyclic AMP losses during tissue
preparation, the level of cAMP ranged between 155-65 pico-
moles in control and 130-lj.O picomoles in tumor tissue, on a
per gram fresh weight basis.
However, on a per embryo basis, it is obvious that the
level of cAMP concentration is pretty close between control
ana tissue (Table 10). The cAMP concentration showed a
Table 8. Assay data on which standard curve for cyclic AMP estimation was based.
Zero Average
CPM bound in absence of
unlabeled cAMP (Co)



























All values represent the mean +_ standard error of at least five replicates.












































































































Table 9. Picomoles of cyclic AMP
Buffered


































Table 10. Cyclic AMP concentration present, per embryo, in IAA-induced tumor










































aAll values represent mean + standard error of at least three replicates. Cyclic
AMP losses have not been corrected.
bAll values are expressed in picomoles of cyclic AMP.
O^
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a steady increase in both tumor and control tissue, as per
the age of tissue (Fig. 26).
Pia 26. Cyclic AMP concentration per embryo, in IAA-
























0-O Tumor with buffer
A-A Control with buffer
D*O Tumor without buffer
Control without buffer
14
Age of Tissue (Days)
CHAPTER V
DISCUSSION AND CONCLUSION
The naturally occurring growth regulator, IAA, exerts
its influence in almost every part of the developing embryo.
The variety of effects of IAA is based upon two fundamental
effects at the cellular level: depending on the concentration,
it may promote or inhibit cell expansion or cell multiplica
tion. Any morphogenetic expression due to IAA may be derived
from these two fundamental actions. However, this morpho
genetic expression is determined by the specific properties
of the cells concerned and their position in the organ. Also,
the endogenous level of IAA is often important in deciding
the morphogenetic as well as physiological diversion.
In this study, the IAA-induced tumor showed marked
morphological deviations from control tissue, including total
suppresion of the primary root system, hypocotyl thickening
due to lateral expansion, disorganized growth, cortical par
enchyma becoming elongated and thin walled, and destruction
of stomata. These anatomical changes closely resemble many
of those associated with crown gall produced by Agrobacterlum
tumefaciens. The work of Kraus et al. (1936) on beans concurs
with the findings reported here.
Adventitious roots are produced as the turaorous embryo
ages and are particularly abundant on the hypocotyl portion
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and at the cotyledonary node. This phenomenon is believed
to be due to depletion of IAA in tissue. It has been ob
served that, at low concentration, 2,Zj.-D stimulates growth
of adventitious roots (Taylor in 19^-6, as cited in Kiermayer,
1964)-
The surface view, through scanning electron micrographs,
of IAA-induced tumor shows a different structural pattern
than control embryo tissue. In IAA-induced bean tumors, the
hypocotyl portion shows enlarged, filamentous, thin-walled,
parenchymatous tissue, all along the surface. These struc
tural changes in parenchymatous tissue resemble crown gall
on carrot tissue, where the cells are elongated and arranged
in filamentous tiers (Homes, 197^)- These similarities
indicate that, in both systems, IAA does play a central role
in the control mechanism of developmental processes of
parenchymatous tissue.
The trichome morphology in bean embryos is diverse.
Due to the effect of IAA* some morphological as well as
physiological changes take place in the trichomes.
Hooked and mucilaginous trichomes are widely present in
the surface of the bean embryos. The hooked trichomes may
help the aerial parts of the plant to climb. In IAA-induced
tumors, the hooked trichomes are lost. This suggests that,
due to the effect of IAA, the developmental process of hooked
trichomes becomes depressed and so no hooked trichomes are
present. Furthermore, the increase in mucilaginous glandular
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trichomes suggests that IAA may have induced the production
of mucilaginous secretion, which is evident by the fact that
this tumor is sticky when touched.
The appearance of hooked trichomes takes place when
the age of the tumor reaches 6-8 days. At this time,
the epicotyl resumes its semi-normal growth due to depletion
of IAA. This suggests that IAA somehow inhibits the forma
tion of hooked trichomes, which is a localized effect, but
the genetical control of development resumes as soon as IAA
induction subsides. This hypothesis presupposes that, as the
hypocotyl becomes tumorous, due to the effect of IAA, the
functional aspect of hooked trichomes is no longer necessary
as far as climbing is concerned. Hence, the total absence
of hooked trichomes has been achieved (Sen and Stevenson, 1976).
The nature and origin of crystalline deposition in and around
stoma in control as well in tumor embryos, is still obscure.
It has been supposed for a number of years that IAA
initiates morphological and physiological changes in excised
plant tissues by controlling the rate of protein synthesis
(Kooden and Thimann, 1963; Thimann and Loos, 1957), although
the experimental evidence for this hypothesis seems surpris
ingly small. In a number of excised tissues the level of
protein remains virtually unchanged after treatment with
auxin, although increase in fresh weight is readily observed
(Cleland, 1961). Furthermore, the effect of IAA may not be
completely general, and the pattern of synthesis of many
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proteins may not be altered by IAA (Patterson and Trewavas,
1967).
The results obtained in this study show a slight increase
in tumor protein content on the fourth day, which subsequently
undergoes gradual reduction on the fifth day of growth. On
the other hand, the control embryo shows higher protein syn
thesis in the fifth day of growth. This indicates that pro
tein synthesis in tumor tissue may not be stimulated by IAA
treatment. However, IAA-induced tumors in wheat coleorhiza-
epiblast exhibit a higher level of protein synthesis (Walne
et al.» 1975). This wide variety of data obtained about the
effect of IAA on protein synthesis agrees with the conclusion
drawn by Patterson and Trewavas (1967)9 that the effect of
IAA is not completely general. The pattern could vary on
the basis of tissue, target organ, and particulate cell
fractions.
The relationship between nucleic acid metabolism and
auxin-induced growth has been emphasized by many workers in
recent years. Silberger and Skoog (1953) were probably the
first to demonstrate an increase in nucleic acid contents by
IAA-treated tobacco pith tissue. According to them, both
DNA and RNA contents in the IAA treated pith tissue in fresh
weight are apparent; however, with the duration of the exper
iment, fresh weight increase becomes proportional to HNA
increase.
Other studies using a synthetic auxin, 2,4-D revealed
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that an increase in nucleic acid content takes place due to
2,l4.-dichlorophenoxyacetic acid. Rebstock et al. (1954)
found the nucleic acid content to double in the stems of
bean plants after 2,4-D treatment.
In this study, we have observed that there is an elevated
level of DNA in IAA induced tumor. The optimal synthesis of
DNA takes place on the fourth day of tissue growth, which
corresponds directly to the findings of other authors (Sil-
berger and Skoog, 1953; Walne et al., 1975).
The effects of auxin on RNA metabolism in a variety of
plant tissue have been studied extensively (Basler and
Nakazawa, 1961; Biswas and Sen, 1959; Chrispeels and Hanson,
1962; Key and Hanson, 1961; Key et al., 1966; Rebstock et
al., 1954; Roychoudhury and Sen, 1964; Sacher, 1965; West et
el., I960). In general, growth-promoting concentrations of
auxin enhance RNA synthesis (Key and Shannon, 1964).
A high synthesis of RNA takes place in many tissues
after auxin treatment (Sacher, 1965; Key et al., 1966; Pan
and Maclachlan, 1967). In this study, we have observed an
increased synthesis of RNA takes place in IAA-induced tumor.
It is clear that auxin shows pronounced effects on RNA
metabolism, although the significance of these responses
is not yet fully understood. However, the evidence suggests
that the primary role of IAA in growth aberrations may be on
the nucleic acid synthesizing system.
The triggering effect of IAA to synthesize RNA is not
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sufficient for cell proliferation. Steward et al.
demonstrated that even though RNA build up within the cell
reaches a high level, this does not induce cell division.
In IAA-induced tumors cellular proliferation took place,
but not at a rate comparable to the rate of nucleic acid
synthesis. This is in agreement with the observation of
Haber (1962), that the physiologic condition essential to
cell division in response to auxin is a proper auxin-cytokinin
balance.
Reinder in 1938 and 19^3 (as cited in Hasraan and Onder,
1971), has observed that IAA increases the water uptake of
potato tuber tissue. According to Hasman and Onder (1971)
the IAA primarily induces the enhancement of the water-
permeability (PW). Then the tensility of the cell wall
increases, causing an augmentation in PW of the tissue.
Furthermore, the plasticity of the cell wall increases.
Other evidence suggests that the initial step in cellular
expansion may be an auxin-induced loosening of the cell wall,
which allows the cell to take up water and expand osraotically
(Cleland and Bonner, 1956). In this study we found a higher
moisture content within the tissue in IAA-induced tumors, and
this concurs with the findings of other authors mentioned
earlier.
Auxin enhances potassium uptake in plant cells (Commoner
and Mazia, 19^2; Higinbotham et al., 1953; Han, 1962, 1973).
Higinbotham et al. (1962) observed that the first (upper) cm
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segment, from third internode of etiolated pea seedlings,
depressed K+ uptake, but when an addition of auxin is made,
these segments absorb K+ more rapidly. Ilan (1962, 1973)
observed that 1AA stimulates the uptake of potassium and
increases fresh weight in sunflower hypocotyl segments. In
this study, we observed a slight increase in potassium uptake
in IAA-induced tumors. This is in agreement with other
findings.
The presence of cAMP in higher plants has been observed by
some workers, although some others maintain that its presence
is questionable. In this study, however, we have observed
that cAMP is present in the bean embryos. The average value
obtained is much lower when compared to that of Brown and
Newton (1973)- They spectrophotometrically determined the
cAMP concentration in Phaseolus vulgaris. However, our results
(ij.O-155 Picomoles/g fresh wet weight) show close proximity to
data obtained by Bressan et al. (197&) and Kessler and Levin
stein (197^) in tobacco callus culture.
Recently, IAA has been reported to stimulate cAM?
synthesis (Azhar and Krishna Murti, 1971; Salomon and Masca-
renhas, 1971)* In this study, however, we have noticed no
difference in cAMP level between IAA-induced tumor and control
bean embryos. This concurs with the findings of Drlica et
al. (197^), who reported no significant difference in the cAMP
concentration in auxin rich crown gall tumor tissue and control.
Even though there are some criticisms, such as those
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raised by Bressan et al. (1976) against using the protein
binding assay of Gilman (1972) in plant tissue extract to
estimate cAMP levels, the procedure can be used after rigorous
purification of tissue extract.
Bressan et al- (1976) have reported that Kinase
activation assay is more reliable than binding assay. How
ever, we have noticed, in the same paper, a difference of
90 picomoles of cAMP equivalent/g fresh weight mouse liver
tissue; this discrepancy indicates that none of the assay
procedures is more reliable than the other.
In conclusion these findings suggest that tumor
induction by IAA is basically responsible for the production
of anomalous growth patterns in the hypocotyl portion of the
growing embryos. Also, it inhibits longitudinal growth, but
stimulates lateral growth by cell expansion. Furthermore,
tissue dedifferentiation is altered due to the effect of IAA,
and this can be partially reversed if complete IAA depletion
occurs.
The evidence cited here can lead us to the hypothesis
that IAA acts on nucleic acid metabolism, which in turn
stimulates the loosening of cell wall by synthesizing various
enzymes, particularly cellulase. Subsequently cell wall
expansion results from increased turgor pressure and an in
crease in water intake, causing disorganized swelling of
target tissue. This increased water permeability continues
to induce further disorganization and, subsequently, tissue
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senescence and death occur. Thus, this tumor induction in
bean embryo is IAA-dependent.
CHAPTER VI
SUMMARY
This investigation of tumor induction by IAA in bean
embryos represents a further contribution to the body of
knowledge on the role that IAA may play in tumorigenesis
and other morphogenetically anomalous growth patterns.
This study, in part, corroborates the findings of previous
workers on the role of auxin to induce physio-morphological
changes in plant tissue systems.
Bean (Phaseolus vulgaris L. var. Romano) embryos
were grown in the dark at room temperature for 8 days in
Hildebrandt1s medium supplemented with, or without, IAA
(2mg/l). Gross morphological and light microscopic obser
vations revealed that IAA-induced tumors show complete sup
pression of primary root growth, inhibition of shoot growth,
enlargement of parenchymatous tissue, disorganization of
growth due to lateral expansion, induced adventitious root
growth, and, later, resumption of semi-normal shoot growth
due to IAA depletion.
The scanning electron microscopic observation revealed
that tumor embryo is thin-walled, elongated tiers of paren
chymatous cells, with pustules on the wall. Some structural
as well as functional changes take place in trichomes of IAA-
induced tumors, especially the hooked ones, which were absent
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At the same time, the sessile glandular triohomes become more
prevalent.
IAA-induced tumors show more RNA and DNA synthesis than
controls, whereas the protein content remains pretty close to
that of the control embryo. The excessive synthesis of HNA
and an increased DNA synthesis suggest that 1AA causes an
anomalous physiological condition in the nucleic acid bio-
synthetic regulatory mechanism. Also, cell elongation is
regulated, partially, if not completely, by higher nucleic
acid biosynthesis, due to IAA induction.
IAA may be responsible for inducing increased permea
bility, which can be interpreted in the light of higher water
and potassium uptake by the tumor tissue.
The level of cAMP present in control and tumor embryos
ranges from ij.0-155 picomole/g fresh weight. There is no
significant difference in cAMP levels between the IAA-induced
tumor and the control embryo. This suggests that IAA does
not stimulate cAMP synthesis in bean embryos.
These observations warrant the conclusion that IAA acts
on nucleic acid metabolism, which in turn stimulates the
loosening of cell walls by synthesizing various enzymes,
particularly cellulase. Subsequently, cell wall expansion
results from increased turgor pressure and an increase in
water intake, causing disorganized swelling of target tissue.
Furthermore, increased water permeability continues to induce
further disorganization and possibly destruction of vascular
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tissue, senescence and death. This tumor, however, is an
IAA-dependent one. Depletion of IAA uncouples the inhibitory
effect on shoot growth and, subsequently, semi-normal shoot
growth resumes.
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